Background: Microalbuminuria in diabetes is strongly predictive of nephropathy, end-stage renal disease, and premature cardiovascular morbidity and mortality. Effective preventive therapies are therefore a clinical priority.
M
icroalbuminuria in diabetes, defined as a urinary albumin excretion rate (UAER) of 20 g/min or greater, is strongly predictive not only of nephropathy and end-stage renal disease (1) but also of premature cardiovascular morbidity and mortality (2, 3) . Effective preventive therapies are therefore a clinical priority.
Both the DCCT (Diabetes Control and Complications Trial) in type 1 diabetes (4) and UKPDS (United Kingdom Prospective Diabetes Study) in type 2 diabetes (5) have demonstrated the effectiveness of intensive glycemic control on prevention of microalbuminuria. However, this is not always easy to achieve, and nephropathy continues to occur, leaving an unmet need for definitive trials of primary prevention of microalbuminuria. Renin-angiotensin system (RAS) blockade once nephropathy is established is now almost universal practice, but whether it is beneficial at an earlier stage is uncertain. The angiotensin-converting enzyme (ACE) inhibitor trandolapril reduced progression to microalbuminuria in type 2 diabetic patients with established hypertension, but whether this would also be true in normotensive persons is not known (6) . In type 1 diabetes, EUCLID (Eurodiab Controlled Trial of Lisinopril in Insulin-Dependent Diabetes) (7) reported a large but statistically nonsignificant effect of RAS blockade on progression to microalbuminuria in normotensive persons. Although these previous findings are promising, the role of RAS blockade in normoalbuminuric persons with diabetes remains unclear.
The DIRECT (Diabetic Retinopathy Candesartan Trials) Program was set up to investigate whether the angiotensin-receptor blocker candesartan could prevent development or progression of diabetic retinopathy in nor-moalbuminuric patients with type 1 or type 2 diabetes. Retinopathy results have previously been published (8, 9) . The incidence of microalbuminuria was a prespecified primary end point in the pooled study population; the rate of change in UAER was a prespecified secondary end point in each study and in the pooled study population. These analyses make up the DIRECT-Renal study. The Appendix (available at www.annals.org) lists members and investigators of the DIRECT Program Study Group.
METHODS

Design Overview
The DIRECT protocol and baseline patient characteristics are described elsewhere (8 -11) . In brief, the research program comprised 3 related studies to investigate the effect of candesartan on 1) incidence of retinopathy (DIRECT-Prevent 1) in 1421 type 1 diabetic patients (age 18 to 50 years; diabetes duration, 1 to 15 years) who were normotensive (mean sitting blood pressure Յ130/85 mm Hg) and normoalbuminuric (UAER Ͻ20 g/min in at least 1 of 2 timed overnight urine collections); 2) progression of mild or moderate retinopathy (DIRECT-Protect 1) in 1905 type 1 diabetic patients (age 18 to 55 years; diabetes duration, 1 to 20 years) who were normotensive and normoalbuminuric; and 3) progression of mild or moderate retinopathy (DIRECT-Protect 2) in 1905 type 2 diabetic patients (age 37 to 75 years; diabetes duration, 1 to 20 years) who were normoalbuminuric and either were normotensive or had controlled hypertension (defined as blood pressure Յ160/90 mm Hg) with non-RAS-blocker therapy.
We excluded patients if they had eye conditions that precluded us from analyzing retinal photographs; clinically significant macular edema, proliferative retinopathy, or stenotic valvular heart disease; recent stroke or myocardial infarction; or a clinical indication for or contraindication to RAS-blocking agents. We also excluded pregnant or lactating women and patients with renal impairment (serum creatinine level Ն110 mol/L [Ն1.2 mg/dL] in women and Ն130 mol/L [Ն1.5 mg/dL] in men). Antihypertensive therapy was permitted only in patients with type 2 diabetes. Other exclusion criteria are listed in the study protocol, which is available at www.clinicaltrials.gov.
Recruitment commenced in August 2001, and the last patient was studied in March 2008. The minimum follow-up was 4 years. The DIRECT Program was conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonization Guideline for Good Clinical Practice. The studies were approved by each participating center's ethics committee, and all participants gave written informed consent.
Setting and Participants
A total of 309 study sites in 30 countries participated. The sites were secondary care facilities with access to retinal photography. Approximately 50% of randomly assigned patients were recruited in Russia and central and eastern Europe, 17% in western Europe, 14% in South Africa, 12% in Israel, 3% in Canada, and 3% in Oceania (including Australia and New Zealand). Investigators for all 3 studies recruited at all sites synchronously. Details of the baseline characteristics of the study participants have been published (11) .
Randomization and Interventions
We randomly assigned eligible patients centrally using an interactive voice-response system to either placebo or candesartan, 16 mg/d increasing to 32 mg/d after 1 month. We generated separate randomization schedules for each study. We stratified randomization by hypertensive status in DIRECT-Protect 2 only, but we used no other stratification variable. Investigators, caregivers, and participants were unaware of treatment allocation. Dose adjustment to 16 mg or 8 mg could be made at any time. Full details of the retinal studies are published elsewhere (8, 9) .
Patients were seen every 6 months for at least 4 years. Routine serum biochemistry, total and high-density lipoprotein cholesterol, and glycated hemoglobin A 1c (HbA 1c ) (aligned to DCCT standards) were measured in a central laboratory.
We measured UAER in 2 timed overnight collections by using nephelometry (Beckmann Array, Beckmann Instruments, High Wycombe, United Kingdom) at baseline and annually thereafter. The lower limit of detection of albumin concentration was 20 g/L, with a maximum allowable coefficient of variation of 5% in the mean range of 50 to 100 g/L.
We asked patients who developed microalbuminuria (UAER Ն20 g/min) in 1 or both urine samples at any time to provide 2 more samples. If 3 or 4 of these 4 con-
Context
The role of angiotensin-receptor blockers in the primary prevention of microalbuminuria is unclear.
Contribution
These 3 randomized trials assessed whether candesartan prevented microalbuminuria more than placebo in adults with normoalbuminuria. All participants had either type 1 or type 2 diabetes, and most were normotensive. Individual and pooled results of the 3 trials showed similar rates of development of microalbuminuria with candesartan or placebo over a 4-to 5-year follow-up.
Implication
Renin-angiotensin system blockade with an angiotensinreceptor blocker did not prevent microalbuminuria in mostly normotensive people with diabetes.
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Article Candesartan and Prevention of Microalbuminuria in Diabetes secutive samples were positive, we considered this to constitute a microalbuminuria event and allowed open-label ACE inhibitor therapy.
We measured blood pressure after the patient sat still for at least 5 minutes by using an automated device (Omron M4, Omron Healthcare Company, Kyoto, Japan) with an appropriate-size cuff. Among 3 readings, the mean of the last 2 was used in the analysis. Patients who were or became hypertensive (blood pressure Ͼ140/85 mm Hg) but whose UAER remained normal could be prescribed any non-RASblocking antihypertensive agent according to international and national clinical guidelines.
Measurements and Outcomes
The main a priori-determined end point for the pooled analysis of the 3 trials was development of microalbuminuria. Rate of change in UAER was a predefined secondary end point for each trial, as well as for the pooled analysis. The primary outcome for all trials, results of which have been published (8, 9) , was incidence and progression of retinopathy.
Follow-up Procedures
A steering committee of senior investigators and representatives of the funding companies oversaw the study. ICON (Dublin, Ireland) did site monitoring to standard Number of patients who did not complete renal functional assessments includes those who died or were lost to follow-up. DIRECT ϭ Diabetic Retinopathy Candesartan Trial; MA ϭ microalbuminuria.
quality control procedures. ICON staff collected all data centrally and transferred data to the study sponsors. An independent safety committee met regularly and reviewed unblinded data. An independent statistical advisor reviewed and verified all results before publication.
Statistical Analysis
Statistical staff at AstraZeneca and Takeda did analyses according to the intention-to-treat principle. The 2-sided P values were calculated without any adjustment for multiple comparisons.
We analyzed the incidence of microalbuminuria by using the time from randomization to first incidence. Because urine was collected at prescheduled times, with microalbuminuria occurring between these collections, we did not know the exact date of the event and consider the data to be interval-censored.
To compare the incidence of renal end points in the placebo and candesartan groups, we used a stratified generalized log-rank test for interval-censored failure time data (12) . The P value for this test was calculated together with the estimated time to microalbuminuria for the 2 groups. We also did the analysis for each study separately. We estimated the treatment effect by calculating a 95% CI for the hazard ratio (HR) by using a generalized Cox regression model (13) . These analyses were adjusted for the following prespecified baseline characteristics: duration of diabetes, HbA 1c , systolic blood pressure, UAER, and treatment of hypertension (DIRECT-Protect 2 only).
We based sample size on retinopathy end points for each study. For DIRECT-Renal, assuming an annual incidence of microalbuminuria of 2% in the placebo group, the log-rank test would have been able to detect a 24% relative risk reduction with a power of 80%.
The analysis of the annual rate of change in UAER used the estimate of the slope of a fitted regression line through the origin for each patient, excluding the baseline UAER. The log-transformed UAER served as the dependent variable and time from randomization in years as the independent variable. We then compared the mean slopes between placebo and candesartan in a linear multiple regression model with treatment, study, and log-transformed UAER as explanatory variables (14) .
We calculated summary statistics for key baseline characteristics in patients who did versus those who did not develop microalbuminuria. We used a proportional hazard model, stratified for study only, to identify the variables that affect the progression of microalbuminuria. The following baseline characteristics were included in the model: age, duration of diabetes, HbA 1c value, degree of retinopathy, serum non-high-density lipoprotein cholesterol level, systolic blood pressure, diastolic blood pressure, sex, smoking history, and randomized group.
We used SAS, version 8.2 (SAS Institute, Cary, North Carolina), for the analyses and East, version 5.2 (Cytel, Cambridge, Massachusetts), for the sample size calculations.
Role of the Funding Source
The DIRECT Program was funded by AstraZeneca and Takeda. The funding sources had no role in the study design, interpretation of the data, or preparation in or decision to submit the manuscript. Employees of the funding companies did the statistical analysis, which was checked by an independent consultant. Representatives of the funding companies were nonvoting members of the steering committee. The authors had complete control over the interpretation of the results and the writing of the manuscript. Number of patients who did not complete renal functional assessments includes those who died or were lost to follow-up. DIRECT ϭ Diabetic Retinopathy Candesartan Trial; MA ϭ microalbuminuria. 2 show the numbers of patients who were enrolled and recruited and who completed, withdrew from, or did not complete the study (and reasons why). A total of 793 patients discontinued treatment during the trial and 63 patients were lost to follow-up. At the last visit, 80.6% of patients were receiving the maximum dose of candesartan (32 mg/d). Table 1 shows baseline data by treatment group in the 3 studies and the pooled study population. Patients with type 1 diabetes were younger and had a lower body mass index than patients with type 2 diabetes. Blood pressure was within the normal range for the type 1 diabetic patients and was well controlled in the 62% of type 2 diabetic patients treated for hypertension. Among the type 2 diabetic patients treated for hypertension, 67% were receiving 1 drug and 27% were receiving 2 drugs. Hemoglobin A 1c levels and smoking rates were similar in the 3 studies. Serum cholesterol levels were slightly higher in DIRECTProtect 2 than in the studies of type 1 diabetes, but only 5% of patients had a history of myocardial infarction. Notably, UAER was low (median Ͻ5.0 g/min) in the 3 studies.
RESULTS
Figures 1 and
Among patients with type 2 diabetes in the candesartan and placebo groups, 36% were receiving insulin, and approximately equal proportions in each group were receiving sulfonylureas (53.8% vs. 56.2%), metformin (22.7% vs. 20.4%) , and thiazolidinediones (0.9% vs. 0.9%).
The median follow-up was 4.7 years for the pooled study population, DIRECT-Prevent 1, and DIRECTProtect 2 and 4.8 years in DIRECT-Protect 1. For the pooled study population, blood pressure was 3.3/2.3 mm Hg lower in the candesartan group than in the placebo group by the end of the study (P Ͻ 0.001). In DIRECTPrevent 1 and DIRECT-Protect 1, blood pressure was 2.6/2.7 mm Hg and 3.6/2.5 mm Hg lower in the candesartan group, respectively (P Ͻ 0.005). Among patients Median UAER (25th, 75th percentiles), g/min who did and did not receive antihypertensive therapy in DIRECT-Protect 2, blood pressure was 2.9/3.1 mm Hg and 4.3/2.5 mm Hg lower, respectively, in the candesartan group (P Ͻ 0.005). These blood pressure differences were apparent by the 3-month follow-up and were sustained throughout the trial. Among patients in the candesartan and placebo groups, 47 and 31 in DIRECT-Prevent 1, 53 and 50 in DIRECT-Protect 1, and 46 and 53 in DIRECT-Protect 2, respectively, were censored at baseline because they did not complete the necessary number of urine collections for the renal end point (Figures 1 and 2) .
Similar numbers of patients in the candesartan and placebo groups developed microalbuminuria in each of the 3 studies ( Table 2 ). For the pooled study population, the unadjusted HR (candesartan vs. placebo) was 0.95 (95% CI, 0.78 to 1.16; P ϭ 0.60) (Figure 3) , with little change in response to adjustment for key baseline covariates or for systolic blood pressure over the duration of the trial. The HRs for the individual studies did not qualitatively differ from that of the pooled analysis. Table 3 shows the cumulative percentage of patients who developed microalbuminuria in each study (separating the hypertensive and normotensive patients in DIRECTProtect 2). The percentage of patients who began openlabel RAS-blocker therapy and the median UAER are also included. The number of patients who developed microalbuminuria did not differ between groups for any of the studies, regardless of previous antihypertensive therapy. More patients in the placebo group than in the candesartan group received open-label RAS-blocking agents during the study (396 patients vs. 275 patients; chi-square P Ͻ 0.001) for various indications. The primary outcome was not affected by adjustment for open-label RAS-blocking agents or by censoring the data at the time of first use (data not shown). were predictive of microalbuminuria (P Ͻ 0.001).
Median UAER did not differ at any time point in both groups (data not shown). Table 2 shows the candesartan-placebo ratio for annual rate of change in UAER for the 3 studies. A 5.53% reduction (CI, 0.73% to 10.14%; P ϭ 0.024) occurred in the pooled study population, which equates to an absolute reduction of 0.11 g/min.
The frequency of reported adverse events was similar for both groups in all 3 studies (Table 4 ) and is reported elsewhere (8, 9) . Reported hyperkalemia rates during the Article Candesartan and Prevention of Microalbuminuria in Diabetes study were 2.5% in the candesartan group and 2.1% in the placebo group for the pooled study population. Table 4 lists the rates for the individual studies, together with serious adverse events and deaths.
DISCUSSION
In the DIRECT-Renal analysis, candesartan had no effect on incidence of microalbuminuria over 4.7 years in normoalbuminuric and normotensive patients with type 1 diabetes and normoalbuminuric patients with type 2 diabetes with or without treated hypertension. The adjusted rate of change in UAER, although statistically significantly lower with candesartan, was modest, and its clinical significance is uncertain.
A recent meta-analysis (searching MEDLINE from 1966 to September 2003, EMBASE from 1988 to September 2003, and the Cochrane Central Register of Controlled Trials) suggested that ACE inhibitor therapy was associated with a relative risk of 0.60 (CI, 0.43 to 0.84) for microalbuminuria, macroalbuminuria, or both in a mix of normotensive and hypertensive type 1 and type 2 diabetic patients who were normoalbuminuric at baseline (15) . Our study had more patients and events than this meta-analysis, but we found a nonsignificant reduction of 5% in risk for microalbuminuria with candesartan. This is substantially below the lowest end of the treatment benefit spectrum found in the meta-analysis (16%). How can we account for this discrepancy?
Of the 6 studies included in the previous meta-analysis, 3 contributed around 85% of the information: the HOPE (Heart Outcomes Prevention Evaluation) Study (16), BENE-DICT (Bergamo Nephrologic Diabetic Complications Trial) DIRECT ϭ Diabetic Retinopathy Candesartan Trial; MA ϭ microalbuminuria; RAS ϭ renin-angiotensin system; UAER ϭ urinary albumin excretion rate. * Using midpoint approximation of time to event. † Number at risk at start of interval. ‡ Patients whose first intake of RAS blocker was after an MA event were censored at the time of the MA event.
§ Including patients with events in all intervals up to study discontinuation. (6) , and EUCLID (7). To facilitate a "like with like" comparison and include data from the recently reported ADVANCE (Action in Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled Evaluation) trial (17), we compared the characteristics and outcomes of these studies ( Table 5 ).
The HOPE Study data presented in the published meta-analysis refer only to patients who progressed from normoalbuminuria to macroalbuminuria, reporting a beneficial treatment effect of 0.71 (15) . However, the incidence of new micro-and macroalbuminuria in the 2272 diabetic patients who were normoalbuminuric at baseline in the HOPE Study was reduced by 13% in favor of the ACE inhibitor ramipril (data supplied by the HOPE Study investigators). This is substantially greater than the 8% reduction with candesartan in the type 2 diabetic patients in our study (Table 5) . Similarly, BENEDICT (6) reported a 44% reduction in incidence in favor of the ACE inhibitor trandolapril for progression to microalbuminuria. Patients in the HOPE Study and BENEDICT were older and had higher systolic blood pressures than patients in DIRECT-Renal (11 mm Hg greater than that in hypertensive patients receiving treatment and 32 mm Hg greater than that in normotensive type 2 diabetic patients). These differences may reflect greater RAS activity, which might make patients more responsive to RAS blockade. The ADVANCE trial (17) also observed a significantly reduced incidence of microalbuminuria of 17% for the ACE inhibitor perindopril, but these patients, like those in HOPE Study and BENEDICT, were at substantially greater risk for cardiovascular disease than those recruited to DIRECT-Renal, which might explain the small observed absolute risk reduction of 5.5% (Table 5 ). We therefore suggest that the base- (71) 517 (73) 738 (78) 721 (76) 796 (84) 786 (83) Nasopharyngitis 102 (14) 117 (17) 133 (14) 138 (15) --Hypoglycemia 97 (14) 95 (13) 119 (13) 140 (15) --Hypotension 105 (15) 59 (8) 107 (11) 45 (5) --Headache 53 (7) 73 (10) 112 (12) 104 (11) 79 (8) 94 (10 (2) 9 (1) 14 (2) 17 (2) 41 (4) 30 (3) Any serious adverse event 102 (14) 112 (16) 173 (18) 161 (17) 301 (32) 267 (28) Discontinuation due to adverse event 22 (3) 18 (3) 17 (2) 16 (2) 37 (4) 42 (4) Deaths 7 (1) 5 (1) 7 (1) 8 (1) 37 (4) 35 (4) DIRECT ϭ Diabetic Retinopathy Candesartan Trial. * Data are reported as the number (percentage) of patients who had at least 1 adverse event. The 4 most common adverse events per study are presented, as well as hyperkalemia (reported as an adverse event), serious adverse events, discontinuations, and deaths. line burden of vasculopathy (possibly a reflection of increased vascular RAS activity) may determine the response to RAS blockade in type 2 diabetes-the higher it is, the greater the effect. The EUCLID (7) trial included patients with type 1 diabetes whose baseline UAER was greater than 5 g/min (the median for DIRECT-Renal) in more than 70% of all patients, and the treatment effect of the ACE inhibitor lisinopril was observed in this subgroup alone. Our results for type 1 diabetes are completely consistent with previously published data (15) .
As such, our data might question the orthodoxy of a definite benefit of RAS blockade in the primary prevention of diabetic nephropathy for all patients. However, important aspects of DIRECT-Renal need to be considered before reaching this conclusion. First, the study was not powered for a renal end point. Second, the microalbuminuria event rate in DIRECT-Renal was lower than that in many previously published studies (18 -21) , particularly for the patients with type 1 diabetes. In the DCCT, which used a single 4-hour timed collection (4), approximately 12% of the conventional treatment group in the primary prevention cohort (similar to the DIRECT-Prevent 1 sample) and 23% of the conventional treatment group in the secondary prevention cohort (similar to the DIRECT-Protect 1 sample) had a UAER greater than 28 g/min at 4 years (compared with 0.5% and 1.6% in the placebo groups in DIRECT-Prevent 1 and DIRECT-Protect 1, respectively). For the patients with type 2 diabetes in DIRECT-Renal, however, the event rate (14.8%) was more similar to that in BENEDICT (10.0%), but was considerably less than that in the HOPE Study (38.2%) and the ADVANCE trial (19.6%) for the placebo groups. The higher rates in the HOPE Study and the ADVANCE trial might be a reflection of the stringency of the diagnosis, because both studies used a single urinary albumin-creatinine ratio (with a very low threshold [2 mg/mmol in the HOPE Study]) at only 2 time points over the duration of the trials, whereas DIRECT-Renal and BENEDICT used multiple timed collections at 12-and 6-month intervals, respectively.
The overall median baseline UAER of 5 g/min in DIRECT-Renal is low. The rate of change in UAER from baseline may be so slow that the ability to detect an effect of treatment over 4.7 years would be limited. Moreover, many of these patients may never develop nephropathythe cumulative incidence in type 1 diabetes is only 40% after 40 years (22) and may be decreasing, although most will show some retinopathy after this time (23) .
Candesartan might not be as effective at blocking the RAS as an ACE inhibitor. The dosage of candesartan we used was 32 mg/d, and good blockade of the RAS has been demonstrated at this level (24) . Moreover, angiotensinreceptor blockers have been shown to be highly effective in reducing progression of established diabetic nephropathy (25) (26) (27) ; therefore, it is unlikely that they would be less effective than ACE inhibitors in normoalbuminuric patients, and our results are consistent with EUCLID for type 1 diabetes. The clinical characteristics of the patients who developed microalbuminuria compared with those of patients who did not were similar to those previously published (18 -21) , so it is unlikely that the DIRECT-Renal study samples were in some way atypical.
The treatment effect of candesartan on the rate of change in UAER was clinically small. Such a modest reduction might result in a long-term clinical benefit for patients, but a much longer duration of follow-up would be necessary to confirm any effect.
We believe that DIRECT-Renal is the largest trial to date to address the question of the role of RAS blockade in preventing microalbuminuria in normoalbuminuric, mostly normotensive people with diabetes. In this patient sample with a low burden of vasculopathy, we could not show a beneficial effect of candesartan therapy on microalbuminuria prevention over 4.7 years. Studies of RAS blockade in diabetic patients with low vascular burden probably require much longer follow-up to establish whether it offers clinically beneficial treatment in the primary prevention of cardiorenal complications. A metaanalysis of individual patient data from the major studies might help to resolve this question, but our results would not support the use of candesartan or other RAS-blocking agents in the primary prevention of diabetic nephropathy in patients with type 1 diabetes or in patients with type 2 diabetes and a low vascular burden.
